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INTRODUCTION RESULTS AND CONCLUSIONEXPERIMENTAL SETUP
 The advances in precision agriculture have improved
the monitoring system of agricultural crops growth
and yield estimation.
 Yield is the primary key for precision crop
management. Estimation of rice yield within the field,
could be an option to find out higher or lower yield
zone.
 Problem identification would be easier and suitable
practises can be applied to improve yield.
 An image based yield estimation can be a significant
solution for early and accurate prediction of rice yield
during the growing periods.
 So, the main objective of this paper is to propose an
image processing technique to detect the rice grain
using low altitude unmanned aerial vehicle (UAV)
images.
PROPOSED METHOD
 Lab color space is calculated as (Wu et al, 2007):
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 K-means algorithm function is followed by (Dehariya
et al., 2010):
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and a cluster center, Cj.
 The labelling of pixels in the image was completed
using the cluster index and the image segmentation by
color was completed.
 Displayed segmented rice grain image as final result.
Fig. 1: Proposed image Processing algorithm 
for rice grain segmentation.
 The target area for this experiment was located at
Jeollanam-do Agricultural Research and Extension
Services, Naju, South Korea.
For Rotary wing UAV
((model: DJI-S1000)
For Camera 
(Sony Alpha a5100)
Parameters Parameters
Altitude (m) 11 Image sensor CMOS
Flying speed (m/s) 2.5 F-stop f/1.8
Ground sampling distance
(cm/pixel)
0.2 Exposure time (s) 1/2500
Time for image acquisition
(min/ha)
15 ISO 200
Max. flight time (min) 15 Focal length (mm) 50
Fig. 2: (a) Rotary wing type UAV (model: DJI-S1000), (b) Automatic flight 
simulation path for UAV.
Fig. 3: Target area and area position.
 UAV and Camera Specifications.
 Study Area.
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26m Crop Rice (Oryza sativa L.)
Area 2,184 m2 
Plant spacing 30 * 15 cm
Transplant date May 25, 2016
Harvest date October 10, 2016
Image acquisition September 22, 2016
 Data Sets.
(a) (b) (c)
 Original image size was 6000×4000 and taken under
clear and sunny days.
 Randomly selected 20 images and cropped them as
10×10 cells. New cell image size was 600×400.
 Randomly select 100 cell images for test.
 We focused on image background condition, amount
of rice grain and leaves, condition and position, etc.
for test image selection.
 Ground Truth.
Fig. 6: Conversion of pixels into real measure using reference panel in field. 
 We prepared ground truth from the test images to
compare the results with proposed method.
 We used Aletheia Pro (version 3.1.906) (Prima tools,
supported by University of Salford, Manchester, UK).
 Created polygonal regions to every grain area in the
image and saved as xml data file.
 Area of polygon was converted into real area using
reference panel.
Fig. 4: (a) Original RGB image taken from the field; (b)Cropped original 
image into 10×10 cells (c) Cropped cell image.
 Performance Evaluation.
 Precision, Recall, and F-Measure were calculated as
(Gul-Mohammed et al., 2014):
Recall =
TP
TP+FN
(6)
Precision =
TP
TP+FP
(7)
F =
2×Precision×Recall
Precision+Recall
(8)
where, TP is the number of accurately detected rice grain,
FN is the number of accurately detected non-rice grain, and
FP is the number of non-rice grain detected as rice grain.
 Shoelace algorithm was used to calculate grain area,
which is to compute the area of simple polygon whose
vertices are described by their Cartesian coordinates in
the plane.
 The formula can be represented as:
𝐴 =
1
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where, A is the area of the polygon, n is the number of sides of the polygon, 
and i = 1, 2,...,n   are the vertices (or "corners") of the polygon.
Image segmentation by proposed method.
Fig. 7: (a) Original RGB image; (b) Filtered RGB image; (c) Converted Lab    
spaced image; (d) Labelled image by cluster index; (e) Segmented rice 
grains image; (f) Segmented rice leaves image.
 Rice Grain Panicle Detection.
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Fig. 8: Rice grain panicles counting of ground truth and proposed method.
F-measure of 87%
Precision of 84%
Recall of 90%.
y = 1.0642x - 0.19
R² = 0.9178
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Fig. 9: Relation between ground truth and proposed method in 
terms of rice grain panicles count.
Proposed method 
showed good       
correlation with  
ground truth data.
 Rice Grain Area Calculation.
y = 0.7055x + 28.32
R² = 0.8421
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Fig. 10: Correlation between ground truth and proposed method results.
Fig. 11: Segmented rice grain area calculation results with error (%).
 Our method was efficient for area estimation of rice
grain panicles using UAV images. Less significant
results due to the reflectance of bared soil.
 Using this method we expect to estimate the volume of
rice grain to predict the grain yield
FUTURE WORK
 Design algorithm and application of deep learning
techniques for counting grains and precise yield
estimation.
Fig. 12: Single grain counting and precise yield estimation.
ACKNOLEDGEMENTS
This work was supported by the Korea Institute of Planning and
Evaluation for Technology in Food, Agriculture and Forestry
(IPET) through the Agriculture, Food and Rural Affairs Research
Center Support Program (No.714002-07) and the Advanced
Production Technology Development Program(No.117011-3)
funded by the ministry of Agriculture, Food and Rural Affairs
(MAFRA).
Fig. 5: (a) Ground truth image, (b) Rice grain with polygon; (c) Polygon area.
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 Proposed Method.
 The algorithm is
based on color
segmentation using
k-mean clustering.
 We took RGB
image and applied
noise filter to
remove unwanted
noises.
 RGB images were
then converted into
Lab color space.
(a) (b)
(c)
Proposed method 
showed that rice 
grain area could  
be segmented.
